We report the discovery of six new substellar companions of main-sequence stars, detected through multiple Doppler measurements with the instrument HARPS installed on the ESO 3.6m telescope, La Silla, Chile. These extrasolar planets are orbiting the stars BD -17 0063, HD 20868, HD 73267, HD 131664, HD 145377, HD 153950. The orbital characteristics which best fit the observed data are depicted in this paper, as well as the stellar and planetary parameters. Masses of the companions range from 2 to 18 Jupiter masses, and periods range from 100 to 2000 days. The observational data are carefully analysed for activity-induced effects and we conclude on the reliability of the observed radial-velocity variations as of exoplanetary origin. Of particular interest is the very massive planet (or brown-dwarf companion) around the metal-rich HD 131664 with m 2 sin i = 18.15 M Jup and a 5.34-year orbital period. These new discoveries reinforces the observed statistical properties of the exoplanet sample as known so far.
Introduction
The HARPS 1 instrument Mayor et al. 2003 ) has been in operation since October 2003 on the 3.6m telescope in La Silla Observatory, ESO, Chile. It has allowed so far the discovery of several tens of extrasolar systems, among which very low-mass companions (e.g., ). The strategy of HARPS observations inside the Guaranteed Time Observation program is adapted to different target samples. High-precision is achieved on a sub-sample of bright stars, known to be stable at a high level. In addition, a larger, volume-limited sample of stars are being explored at a moderate precision (better than 3 m s −1 or signal-to-noise ratio of 40) in order to complete our view of exoplanets' properties with extended statistics. The HARPS sample completes the CORALIE sample with stars from 50 to 57.5 pc distance, and together, these samples contain about 2500 stars. The results presented in this paper concern this wide exploratory program at moderate precision. Earlier findings in this stellar sample consist in 8 giant planets, which have been presented in Pepe et al. (2004) , Moutou et al. (2005) , Lo Curto et al. (2006) ,
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⋆ Based on observations made with the HARPS instrument on the ESO 3.6 m telescope at La Silla Observatory under programme ID 072.C-0488(E).
1 High-Accuracy Radial-velocity Planet Searcher and Naef et al. (2007) . The statistical properties of these planets encounter those described in the literature (Marcy et al. 2005; Udry & Santos 2007) , regarding the frequency of planets and the distribution of their parameters. We report the discovery of six new planets in the volumelimited sample of main-sequence stars, using multiple HARPS Doppler measurements over 3 to 5 years. They are massive and long-period planets. Section 2 describes the characteristics of the parent stars, and Section 3 presents the Doppler measurements and discusses the planetary orbital solutions.
Characteristics of the host stars
The host stars discussed here are: BD -17 0063, HD 20868, HD 73267, HD 131664, HD 145377, and HD 153950 . We used the V magnitude and B − V color index given in the Hipparcos catalog (ESA 1997) , and the Hipparcos parallaxes π as recently reviewed by van Leeuwen (2007) , to estimate the absolute magnitude M V . The bolometric correction of Flower (1996) is then applied to recover the absolute luminosity of the stars.
Spectroscopic parameters T e f f , logg, and [Fe/H] were derived from a set of FeI and FeII lines (Santos et al. 2004 ) for which equivalent widths were derived with ARES (Automatic Routine for line Equivalent width in stellar Spectra, Sousa et al. (2007 Sousa et al. ( , 2008 ) on the HARPS spectra. The error-bars reflect the large number of FeI and FeII lines used, and a good precision is obtained, especially on the effective temperature. For gravity and metallicity estimates we are limited by systematics, which are included in the error bars.
We finally estimate the stellar mass and age, from T e f f , [Fe/H], and parallax estimates, by using Padova models of Girardi et al. (2000) and its web interface as described in da Silva et al. (2006) . Errors are propagated and estimated using the Bayesian method. The stellar radius is finally estimated from the simple relationship between luminosity, temperature and radius.
From the HARPS cross-correlation function, we may derive an estimate of the projected rotational velocity of the star, vsini. The measurement of the core reversal in the calcium H & K lines provides an estimate of the chromospheric activity logR ′ HK (see method in Santos et al. (2000) ). The error bars of this quantity include the scatter as well as some systematics; these are particularly large for the faintest and coolest stars, with typical signalto-noise ratio of 10 in the region of the calcium doublet. All mesured stellar parameters and their errors are given in Table 1 . A short presentation of the host stars follows. 
Radial velocity data and orbital solutions

BD -17 0063
We gathered 26 spectra of BD -17 0063 with HARPS over a timespan of 1760 days between October 31st 2003 and July 5th 2008. The mean radial-velocity uncertainty is 1.6 m s −1 . The measurements are given in Table 3 (electronic version only) and shown in Figure 1 . We fitted a Keplerian orbit to the observed radial-velocity variations, and found a best solution with a period of 655.6 days. It is an eccentric orbit (e = 0.54) with a The inverse bisector slope is estimated on the crosscorrelation function and its timeseries is also examined, in order to exclude the stellar variability as origin of the observed radialvelocity variation (Queloz et al. 2001) . The error on the bisector slope is taken as twice the error on the velocity, as a conservative value. No correlation is found between the bisector slope and the velocity, which excludes a blend scenario. The bisector values for BD -17 0063 are compatible with a constant value with a standard deviation of 7 m s −1 , over the 4.8 yr time span. With the long rotation period estimated for the star (39 days), a radial-velocity modulation related to spot activity is also very unprobable. These activity indicators thus strongly support the planetary origin of the observed signal.
With the stellar parameters as determined in the previous section, we infer a minimum planetary mass of m 2 sin i = 5.1 M Jup and semi-major axis of 1.34 AU. The periastron distance is 0.87 AU which infers a transit probability of only 0.4%. No attempt was made yet to monitor the photometric lightcurve of BD -17 0063 nor to search for a potential transit. Figure 1 shows the radial-velocity signal folded with the planetary phase and the residuals against time when the main signal is subtracted. There is no significant periodic trend nor linear drift in the O-C residuals, with a standard deviation of 4.1 m s −1 , i.e., marginally above the individual errors. All parameters of the orbit and the planet are given in Table 2 , together with their estimated error.
HD 20868
Observations of HD 20868 consist in 48 HARPS measurements obtained over 1705 days between November 1st 2003 and July 2nd 2008. The mean uncertainty on the radial velocity measurements is 1.5 m s −1 . The measurements are given in Table 4 (electronic version only). Figure 2 shows the velocities as a function of time, as well as the Keplerian orbit with a period of 380.85 days that best fits the data. The residual values, after subtraction of the fit, are also shown against time. There is no significant trend in these residuals, characterized by a standard deviation of 1.7 m s −1 . The reduced χ 2 of the fit is 1.27. The best orbital solution is a strongly eccentric orbit (e = 0.75) with a semi-amplitude of 100.34 m s −1 . The inferred minimum mass of the companion responsible for this velocity variation is 1.99 M Jup and a semi-major axis of 0.947 AU is derived from the third Kepler law. The periastron distance is 0.54 AU which corresponds to a transit probability of 0.7%.
The bisector test was applied and excludes that the velocity variations are due to stellar activity. A trend which is confirmed by the long rotation period.
HD 73267
We gathered Table 8 and in Figure 3 . The observed velocity variations were fitted with a Keplerian orbit. The best solution corresponds to a period of 1260 days, eccentricity of 0.256 and semi-amplitude of 64.29 m s −1 . The scatter of the residuals is compatible with the radial-velocity uncertainty and these residuals show no specific trend. The O − C standard deviation is 1.7 m s −1 and reduced χ 2 is 1.19. The bisector variations are not correlated to the velocity variations nor in phase with the signal, which excludes the stellar variability as being the cause of it. Here again, the estimated rotation period of the star is long, and spot-related activity cannot be considered as a potential origin for the observed signal.
The minimum mass of the inferred companion is 3.06 M Jup and a semi-major axis of 2.198 AU is calculated for this 3.44 year period companion.
HD 131664
We gathered and no specific trend. The reduced χ 2 of the fit is 2.97. Although the orbital fit to the data appears robust, the time coverage of this planetary orbit is not perfect, as most of the periastron passage has unfortunately been missed. This limits the precision we get on the orbital parameters.
The bisector test again confirms the origin of this signal as due to a sub-stellar companion. The large amplitude despite the long period of the signal results in a large projected mass of the companion, i.e. m 2 sin i =18.15 M Jup . This massive planet, or brown-dwarf companion, orbits the parent star at a semi-major axis of 3.17 AU.
HD 145377
We gathered 64 measurements of HD 145377 with HARPS from June 21st 2005 to July 1st 2008, over 1106 days. A mean uncertainty of 2.3 m s −1 is obtained. A relatively large-amplitude velocity variation is observed, as shown in Figure 5 . It is best fitted with a 103.95 day period. The orbit is eccentric (e = 0.307) Table 2 . The K3/4 IV star has a 1.99 M Jup companion. and semi-amplitude K =242.7 m s −1 . Although the signal is very clear and stable over more than 10 periods, the residuals to the fit are affected by an additional jitter, of amplitude 15.3 m s −1 . This jitter was expected from the relatively young age (1 Gyr) and the high value of logR ′ HK (mean value is -4.68), which strongly suggests that stellar variability is observed in addition to the main signal. The O-C residuals do not show, however, a periodicity related to the 12d rotation, which is not surprising over about 80 rotation cycles of the star. The Lomb-Scargle periodogram of the residuals do show, however, a tendency for a curved drift that could be a hint for a second, longer-period planet, and other periodic signals could be present but too weak to be significant. When taken into account, the curved drift decreases the residual noise from 15 to about 10 m s −1 . More data in the future may therefore reveal more planets in this system, but the present material is not conclusive in this respect. Figure 6 shows the bisector behaviour with respect to radial velocity (top) and as a function of the fit residuals. The scatter of the bisector span is larger than for the other stars, with a value of 11 m s −1 , and it confirms that we see some line profile variations with time. The bisector slope does not correlate, however, with the radial velocity, excluding the stellar variability to be the only Table 2 . The residual jitter is due to stellar variability (expected from activity indicators) and shows no periodic trend. A planet of minimum mass 5.76 M Jup is evidenced. origin of the observed velocity variation. We also find no correlation between the residuals to the fitted orbit and the bisector span (Figure 6 bottom) . Such a correlation, observed when the activity is mainly related to spots, could have been used to correct the radial velocities for stellar variability, as explained in Melo et al. (2007) . Finally, as a test to the origin of the RV jitter, we observed HD 145377 in a sequence of 10 consecutive 90s exposures, for which a standard deviation of 2.5 m s −1 is derived. The stellar jitter therefore does not come from short-term acoustic modes but rather from chromospheric activity features.
The planetary companion of HD 145377 is a m 2 sin i =5.76 M Jup planet orbiting with a 103.95d period. The semi-major axis is 0.45 AU. The periastron distance is 0.34 AU which corresponds to a transit probability of 0.14%. The orbit and planetary parameters of the six new systems described above are given with their inferred errors in Table 2 .
Conclusion
From long-term observations with HARPS with individual uncertainty around 2 m s −1 , we were able to derive the presence of 6 new substellar companions around the main-sequence stars BD -17 0063, HD 20868, HD 73267, HD 131664, HD 145377, and HD 153950.
The analysis of the HARPS cross-correlation function and in particular the bisector span of each measurement, allows to discard long-term stellar variability as the origin of the observed radial-velocity curve. This proved efficient even for the most active star, HD 145377: characterizing the planetary companion does not suffer too much from the stellar variability, because of the planet's relatively short period with respect to our long time span of observations (104 versus 1106 days). The stellar activity here translates into a residual jitter that does not hide the planet's signal. The planet orbiting HD 131664 is very massive, with a minimum mass of 18.15 M Jup , over the deuterium limit. It has characteristics similar to the other massive planet in distant orbit HD 168443 c (Udry et al. 2002) , except that no internal planet to the system of HD 131664 is evidenced so far. The period of HD 131664 b (1951 days or 5.34 years) is also among the dozen longest known so far. Depending on the actual system age of HD 131664, the magnitude difference with the parent star could be as low as 13.5 in the K band -for the lower edge of the age range -and up to 20, using the models of Baraffe et al. (2002) for luminosity estimates. The angular separation ranges from 0.035 to 0.16 arcsec during the orbit. Depending on the system's inclination -and thus the true mass of the companion -it may be a target for future direct imaging investigations, that would permit a better characterisation of this unusual system. Note also that the parent star is particularly metal-rich ([Fe/H] =0.32) in comparison with the mean metallicity of the solar neighbourhood.
The rare combination of parameters for this system -companion's mass, orbital period, star's metallicity -could make it one important piece of constraints for theories of planetary formation. Getting astrometric measurements of the six new systems with VLTI/PRIMA would probably be possible, in order to better constrain their true mass.
The new planets discussed in this paper are part of the bulge of long period, massive extrasolar planets in eccentric orbits, with masses in the range 2-6 M Jup and periods of 0.3 to 5.3 years. Their properties can be discussed in the frame of the statistical studies performed in well-defined stellar samples as in the ELODIE, CORALIE, or Lick+Keck+AAT surveys (see Marcy et al. (2005) and Udry & Santos (2007) for in-depth discussions):
-Giant gaseous planets are found around about 6-7% of known main-sequence stars, with semi-major axes up to about 5 AU. These six new planets contribute to increase the number of known systems, with today 15 planets over the 850 stars of the volume-limited sample monitored by HARPS. The 1.8% frequency of planet occurence in this sample where observations started in 2003, is, however, not yet at the level of the oldest surveys. Identically, only five hot Jupiters were discovered in our sample, representing a frequency of 0.6%, to be compared to 1.2% frequency for more complete surveys. The new planet sample presented in this paper yet contains the longest periods found in this specific survey, with measurements obtained at the earliest ages of HARPS operations (Figure 8 ). -The distribution of planet masses currently favors the small masses, despite the strong observational bias towards massive planets. Here we bring new evidence for planets in the highest mass edge, with minimum masses of 2 to 18 M Jup (Figure 8 ). -The period and eccentricity properties of the six new planets confirms the global tendency of very dispersed eccentricities beyond the circularization zone due to tidal interactions, compared to the circular orbits of giant and distant planets in the Solar System. The origin of such dispersed eccentricities remains a mystery despite a number of theoretical attempts to match the observed distribution from a variety of eccentricity-damping physical processes. -Host stars of systems with giant gaseous planets are significantly more metal-rich than average (Santos et al. 2005; Fischer & Valenti 2005) , which is not debated by the new exoplanet sample presented here, with two stars having an excess metallicity compared to the Sun and no metal-poor planet-host star. -About 12% of systems with gaseous giant planets are multiple. Here, we find no indication for a second body in any of the new systems, with a very small scatter of the residuals of the order of a few m s −1 (except for HD 145377 which is active). In order to find planets of lower mass in these systems, a high-precision strategy should now be applied. Finding larger distance planets in these systems is also possible, although no significant long-term drift is yet observed.
-Finally, the mass-period distribution of the six new planets corroborates with the more general properties that more massive planets have longer orbital distances (e.g., Udry & Santos (2007) ).
Adding new extrasolar systems to the ∼300 planets known sofar is of course of great importance to better characterize their properties. Radial-velocity survey, as well as transit-search programs, suffer the observational bias of detecting more easily the short-period and massive planets -the rarest ones-, which may be the reason why only 6-7% of planets in the solar neighbourhood show the signature of a giant planet. Note that this proportion of stars with planetary systems greatly increases when planets in the mass range of Neptune or below are discovered . Extending the planet sample, especially in well-defined volume-limited samples of main-sequence stars as monitored by HARPS, is one of the new challenges of this scientific field, to help understanding the mechanisms which form and maintain planets around other stars. 
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